Objectives-This study aimed to compare the efficacy of shear wave elastography (SWE) and contrast-enhanced sonography in the differential diagnosis of superficial lymphadenopathy with abnormal imaging findings, which could not be otherwise confirmed by conventional sonography.
important to determine whether the enlarged lymph nodes are benign or malignant to guide the clinical diagnosis and treatment and to identify a potential primary tumor. 1 Conventional sonography is a simple diagnostic approach involving low cost and no radiation and is widely used in the diagnosis of superficial lymph nodes. Sonography can achieve high resolution and can yield better morphologic details of the lymph node compared with computed tomography. 1 Approximately 50% of lymph nodes revealed to have abnormal morphologic details on conventional sonography have been proven to be metastatic by surgical excision. 2 In addition, Doppler sonography provides hemodynamic information, which can reflect the blood supply characteristics of the lymph nodes. 3 Nevertheless, characterization of lymph nodes as benign or malignant remains a challenge for sonography; the qualitative diagnosis of lymph nodes is often the result of a comprehensive analysis of multiple indicators. A previous study reported that a rounded shape (longitudinal-to-transverse ratio <2), absence of an echogenic hilum, hypoechogenicity, and peripheral capsular flood imaging could be considered important signs of metastasis. 3, 4 In another report, focal cortical lobulation or thickening (swelling) could also be seen in both proliferated tumors and reactive lymph nodes. 5 Additionally, the avascular pattern was apparent in both malignant and benign lesions (58% versus 42%), and there is no criterion used for differentiation. 6 Part of the unexplained swelling of superficial lymph nodes often shows 1 or more types of nonspecific changes on imaging. This paradoxical imaging performance leads to difficulty in diagnosis in the clinical setting. Although conventional sonography is a useful method for diagnosing superficial lymphadenopathy, some atypical nodes are difficult to recognize.
Histologic biopsy can accurately diagnose the character of lymph nodes that cannot be confirmed by conventional sonography. With the aid of pathologic examination, the clinician can not only recognize whether the lymph node is benign or malignant but also determine its pathologic type. 2 However, because hyperplasia often accompanies malignancy, identifying the node and region for biopsy can be difficult for the clinician. Although ultrasound-guided fine-needle aspiration cytologic analysis is commonly used for lymph nodes that are suspected to be malignant, it might be not always satisfactory for superficial lymph nodes because of limited tissue samples for making an accurate diagnosis, especially for nodes with lymphoma. However, considering the complications involved in core needle biopsy and the pain caused to the patient, core needle biopsy is not the first choice for identification of lymph nodes that are suspected to be malignant on conventional sonography.
Contrast-enhanced sonography is a relatively new scanning method. The contrast of lesions and normal tissue can be improved by intravascular injection of a contrast agent. The differences in the perfusion patterns of the contrast agent over time are studied to determine the nature of the lesion. This method has been widely used to study the liver, kidney, and pancreas. In a recent study, researchers compared the imaging manifestations between conventional and contrast-enhanced sonography in the lymph nodes of patients followed after surgery for cutaneous melanoma. 7 They found cortical thickening of the lymph nodes in 44 cases, and the sensitivity of conventional sonography for detecting morphologic abnormalities was 95.5%, but the specificity was only 26.2%; on the contrary, the sensitivity of lymph node metastasis diagnosed by contrast-enhanced sonography was 100%, and the specificity was 99.5% on the basis of the finding that homogeneous intense enhancement of the cortex was considered benign, whereas perfusion defects were considered malignant. In another study evaluating the value of contrast-enhanced sonography in differential diagnosis of superficial lymphadenopathy with 94 enlarged nodes, 8 the sensitivity, specificity, and accuracy of contrast-enhanced sonography were 84%, 79%, and 80%, respectively significantly lower than the values of Rubaltelli et al. 7 Elastography is a new imaging technique that was developed in recent years. This imaging technique can determine tissue stiffness features by measuring the elastic modulus (ie, Young modulus). The result of a previous study showed that quasistatic elastography differentiated between superficial lymph nodes with sensitivity, specificity, and accuracy of 85%, 98%, and 92%, respectively.
to track the displacement of each point on the path of shear wave propagation and computes the Young modulus of tissues by the differential method or the timepropagation method. [12] [13] [14] Shear wave elastography can be used for multipoint quantitative measurement, and the measurement results are highly reproducible; furthermore, measurements are barely influenced by surrounding tissues or inspection methods. This method has been used in clinical examinations of the breast, 15 liver, 16 and thyroid. 17 The application of SWE in the imaging of superficial lymph nodes is still being explored. The main aim of this study was to evaluate the value of SWE in the differential diagnosis of superficial lymph nodes unexplained by conventional sonography compared with contrast-enhanced sonography using biopsy pathologic findings as a reference standard.
Materials and Methods

Patients
This study was approved by the Research Ethics Committee of Peking University Third Hospital, and written informed consent was obtained from all patients. The study participants consisted of 45 patients who visited Peking University Third Hospital between October 2014 and October 2015 for examinations with conventional sonography for enlarged superficial lymph nodes and were subsequently prepared for interventional biopsy. The following inclusion criteria were applied: (1) lymph nodes had 1 or more abnormal imaging changes (round shape, absent hilum, low homogeneous echo, and marginal blood flow signal) that were not consistently diagnosed by at least 2 physicians on conventional sonography or indicated suspected malignancy; (2) patients did not have a confirmed history of cancer or without a confirmed primary tumor located in the draining regions of enlarged lymph nodes; (3) patients had not received the expected treatment or experimental treatment; and (4) complete sonographic data for the patients were available. One suspected lymph node, which was selected for core needle biopsy, was examined by contrast-enhanced sonography and SWE in each patient.
From these 45 patients, 3 were excluded for the following reasons: pathologic results were unavailable (n 5 1), and the procedure was stopped midway after the patients reported being slightly uncomfortable (n 5 2). Thus, only 42 patients with a total of 42 suspected superficial lymph nodes were included as the final cohort in this study. All of the patients were examined with contrast-enhanced sonography and SWE. Both contrast-enhanced sonography and SWE were conducted 1 hour to 2 days ahead of core needle biopsy, SWE before contrast-enhanced sonography, and the interval between the methods was not less than 1 hour. To ensure that there was no recall bias of the physician, the standard scanning technique was used: the physician put the transducer along the long axis of the lymph node and then moved the transducer parallel to select the maximum section for both SWE and contrast-enhanced sonography. Both examinations were performed by the same physician to ensure consistency of the scanning section.
Examination Procedure
The SWE examination was performed with an Aixplorer ultrasound system (SuperSonic Imagine, Aix-enProvence, France) equipped with an SL10-2 wide-frequency linear transducer. The suspected node was observed with conventional sonography, including grayscale and color Doppler imaging, which could help detect lymphadenopathy with an abnormal echo and a vascular shift. The detection depth was about 3 to 4 cm, and the lesion lay in the center of the image. The transducer slightly touched the skin to avoid compressing it. The elasticity sampling frame was adjusted to cover the entire lymph node, and then a color-coded tissue stiffness map was acquired when the image became stable after a few seconds. The Q-Box Trace tool was used, which can freely manually trace the outline of the lymph nodes without any shape restriction. The region of interest (ROI) was consistently sketched to encompass the lymph node contours on the grayscale sonogram. The maximum elastic modulus (E max ), minimum elastic modulus (E min ), standard deviation of the elastic modulus (E SD ), and mean elastic modulus (E mean ) were automatically calculated by the machine at the maximum section along the long axis of the lymph node. All of the data were digitally stored in a hard disk for further analysis.
A commercial diagnostic ultrasound scanner (iU22; Philips Healthcare, Bothell, WA) was applied for contrast-enhanced sonography and scanned with a highfrequency linear array probe (L9-3, frequency range, 3-9 MHz; central frequency, 7.5 MHz). The machine parameters were set as follows: compression, 48%; mechanical index, 0.06 to 0.10; and frame rate, 12-15 frames per second. The other parameters such as depth and location of the node were the same as those set for SWE. The sound beam was focused at the level of the superficial lymph node to obtain the clear resolution. Time-gain compensation was adjusted to darken the background, and only strong reflections of tissues such as the superficial fascia could be seen. The dynamic enhancement of each lymph node was observed in real time and continuously recorded over 60 seconds after a 2.4-mL bolus injection of the sulfur hexafluoride microbubble contrast agent SonoVue (Bracco SpA, Milan, Italy) was administered. Then sonographic perfusion maps were obtained. The transducer was gently moved throughout the procedure to ensure that the entire lymph node was displayed.
According to a previous report, 7, 8 lymph nodes were classified into 3 types based on the imaging manifestations: in type 1, intense or moderate homogeneous enhancement of the whole lymph node was observed; in type 2, heterogeneous enhancement could be observed; and in type 3, low homogeneous enhancement or absence of enhancement was observed.
Histopathologic Analyses
All of the samples obtained from the patients by core needle biopsy, which was performed with an 18-gauge TruCut needle and ejected by a Magnum biopsy gun (CR Bard, Inc, Covington, GA), underwent thorough pathologic examinations after SWE and contrast-enhanced sonography. To ensure high accuracy of the histopathologic evaluations, all of the samples were fixed in 10% neutral formalin, followed by routine processes, including dehydration, embedding, sectioning, and hematoxylineosin staining. With adequate magnification, the morphologic details of lymph tissues were identified at least partially, and the abnormalities within the nodes with both benign and malignant lesions were assessed by an experienced pathologist. Since the most common malignant lesions in this study were lymph nodes with metastatic carcinoma and primary lymphoma, their identical and typical features of the lesions was used to make the diagnosis. However, in some carcinomas with poor differentiation, it was impossible to clarify their original organs, whereas in some lymphomas, it was difficult to define the subtype under the hematoxylin-eosin evaluation. For such cases, immunohistochemistry was performed to characterize phenotypes of variable neoplastic cells with specific and sensitive markers.
Statistics
The final reference was based on core needle biopsy. The sonographic findings in the 42 superficial lymph nodes were compared with the histologic results. All data were analyzed with SPSS version 19.0 software (IBM Corporation, Armonk, NY). The sensitivity, specificity, accuracy, negative predictive value (NPV), and positive predictive value (PPV) were calculated for the elastographic measurements.
All data were categorized by both methods. The E max , E min , E mean , E SD , and ROI were expressed as medians with interquartile ranges because the data were not normally distributed. Quantitative SWE values and contrast-enhanced sonographic results were compared by the Mann-Whitney U test. MedCalc version 12.7.7.0 32-bit software (MedCalc Software bvba, Ostend, Belgium) was used to perform multiple receiver operating characteristic curve analyses to assess the optimal cutoff values using the Youden index (sensitivity 1 specificity -1). The areas under the curves and corresponding 95% confidence intervals for the E max , E mean , and E SD were also obtained. The Z test 18, 19 was used for pair-wise comparison of the diagnostic efficiency between these parameters. The level of significance was set at P < .05.
Results
Patient Characteristics
The 42 patients included 16 men and 26 women with an age range of 23 to 61 years (mean age, 44 years). The 42 suspected superficial lymph nodes included 24 nodes in the neck, 4 in the supraclavicular fossae, and 14 in the axilla.
Histopathologic Findings
All 42 superficial lymph nodes analyzed in this study had clear pathologic diagnoses confirmed by core needle biopsy. Results of the histopathologic analysis revealed that 20 superficial lymph nodes were benign and 22 were malignant. The malignant group included 4 cases of lymphoma (1 Hodgkin lymphoma of the nodular sclerosis type, and 3 non-Hodgkin lymphomas, including 2 of the small B-cell type and 1 of the large B-cell type) and 18 cases of metastasis (12 cases of adenocarcinoma, 4 cases of squamous cell carcinoma, and 2 cases of small cell carcinoma), and the benign group included 2 cases of inflammation, 10 cases of tuberculosis, and 8 cases of reactive hyperplasia. The short-axis diameter of the nodes assessed by sonography was expressed as mean 6 SD, and the diameters of the benign and malignant nodes were 1.50 6 0.41 cm (range, 0.7-2.2 cm) and 1.43 6 0.46 cm (range, 0.7-2.2 cm), respectively. These values showed no significant differences between the groups (t 5 0.535; P 5 .596).
Shear Wave Elastographic Findings
The area of ROI did not differ significantly between the groups, and the sampling size did not influence the diagnostic results of SWE. The E max , E mean , and E SD were significantly higher in malignant lesions than the benign lesions, whereas there were no significant differences in the E min between the types (Table 1) . Table 2 and Figure 1 present the results of the receiver operating characteristic curve analyses for the E max , E mean , and E SD .
Using an E max threshold of greater than 37.9 kPa as a standard, 16 lesions were found to be benign (Figure 2 ), and 4 cases had been misdiagnosed (all were tuberculosis), for a false-positive rate of 20.0% (4 of 20). Eighteen 18 malignant lesions ( Figure 3) were confirmed by the E max , and 4 case were misdiagnosed (3 adenocarcinomas and 1 squamous cell carcinoma), for a false-negative rate of 18.2% (4 of 22). The sensitivity, specificity, accuracy, PPV, and NPV for the E max , E mean , and E SD in differentiating benign and malignant nodes are given in Table 2 . Table 3 lists the contrast-enhanced sonographic findings. Lymph nodes classified into type 1 were considered benign, and those classified into types 2 and 3 were considered malignant. Of the 42 lymph nodes, 26 showed intense or moderate homogeneous contrast enhancement (Figures 2 and 3 ) and the other 16 showed heterogeneous enhancement and low or no enhancement (of these, 8 were tuberculous lesions; 2 were reactive hyperplasia; and 6 were metastases). The sensitivity, specificity, accuracy, PPV, and NPV for contrast-enhanced sonography were 27.3% (6 of 22), 50.0% (10 of 20), 38.1% (16 of 42), 37.5% (6 of 16), and 38.5% (10 of 26), respectively. There was no statistically significant difference in the values between the benign and malignant groups (v 2 5 2.295; P 5 .130).
Contrast-Enhanced Sonographic Findings
Discussion
It has long been known that malignant lesions are often stiffer than benign ones. 20, 21 Palpation is used to identify the stiffness of lymph nodes and initially clarify the nature of lesions, but this method is affected by many factors, such as the experience of the clinician and the location of the lesion. Many superficial lymph nodes that are located deeper in the body or have eccentric infiltration are difficult to diagnose by palpation. Elastography could be useful in some of these cases, which can also be unexplained by conventional sonography. It is evident that a higher Young modulus is associated with harder tissue. Thus, this method may be able to quantitatively determine the stiffness of the lesion based on Young modulus measurements.
To recognize the elasticity of tissues and lesions, additional techniques need to be applied. Conventional Data are presented as median (interquartile range) where applicable. Pathologic analysis was used to divide the lymph nodes into benign and malignant groups. All data were not normally distributed, are expressed as median (interquartile range), and were tested by the nonparametric Mann-Whitney U test. Color-coded strain elastography or semiquantitative strain elastography is used to measure the stiffness of tissues using strain imaging. This method is simple and convenient, and it has been widely used in recent years to check for malignant lesions. 23 However, this method cannot measure the stress-to-strain ratio in the ROI; instead, it measures the degree of deformation. The extrusion strength and stiffness of the surrounding tissues will affect the elasticity measurement of the ROI. The rebuilt elastic imaging of tissues based on strain elastography has been found to be inaccurate and lacked reproducibility. 24 In contrast, SWE is based on measurement of the shear wave velocity, which can quantitatively indicate the stiffness of tissues. In addition, SWE accompanied by the SonicTouch, Canada and ultrafast imaging technology can allow for excitation synchronously on multiple points in a linear direction by using acoustic radiation force and not by vibration of the instrument or by stressing the tissue. Ultrafast imaging technology can also accurately measure shear wave speed, so the measurement values are not influenced by the stiffness of the surrounding soft tissue or vascular pulsation. Also, the results have less operator dependence and high reproducibility. 25 The interquartile ranges of E max for benign and malignant superficial lymph nodes were 16.7 to 37.9 and 38.1 to 65.1 kPa, respectively, and the E max was significantly higher in malignant lesions than benign lesions, which was consistent with the conventional awareness of stiffness in lymph nodes: 26 metastases are stiff; tuberculosis and lymphoma are less rough; and benign disease has a soft consistency. In superficial lymph nodes, the cancer nests were always present in the nodes, and dense tumor cells and marked hyperplasia of fibrous stroma increased the tissue hardness. 26 On the other hand, inflammatory lesions and reactive hyperplasia were mostly lymphocytosis, with no obvious interstitial fibrosis; therefore, these nodes were relatively soft. 26 In terms of the stiffness of lymphoma, it has been reported that rock-hard adenopathy is associated with Hodgkin disease theoretically and clinically, 27 whereas other scholars believe that the degree of stiffness is different. 26 In our experience, lymphoma is not remarkably hard but a little stiff when it is invasive and different from reactive hyperplasia, which is soft. In our study, 4 cases of lymphoma showed increased elasticity, which may have been associated with an increase in the tension caused by excessive proliferation of tumor tissue, and fibrosis appeared in internal lesions. Because of fewer cases and different pathologic types, the stiffness features of lymphoma need to be studied further. In our study, the E max could reflect the pathophysiologic characteristics of superficial lymph nodes and, as a result, substantially improve the detection rate of tumors, especially locally invasive ones that do not show the typical morphologic or echo features. When the threshold was set at 37.9 kPa, 4 tuberculous lesions and 4 metastases were misdiagnosed. The reasons for misdiagnosis of tuberculosis may be the increased stiffness caused by necrosis and fibrosis in the internal of lesions. In a recent study, only 5 of 16 tuberculous lymph nodes were diagnosed correctly by real-time elastography. 28 In metastatic lymph nodes, including a variety of primary tumors, the metastatic status of the nodes and the different amounts of interstitial fibrosis may result in different stiffness, which makes the diagnosis difficult. The sensitivity, specificity, accuracy, PPV, and NPV of E max in differentiating among superficial lymph nodes with unexplained results by conventional sonography were 81.8%, 80.0%, 81.0%, 81.8%, and Figure 1 . Receive operating characteristic curves for E max , E mean , and E SD . The areas under the curve for E max , E mean , and E SD were 0.845, 0.732, and 0.777, respectively, and there were no significant differences (P >.05) after mutual comparison by the Z test (E max -E mean , Z 5 1.605; P 5.1086; E max -E SD , Z 5 1.385; P 5.1661; E mean -E SD , Z 5 0.640; P 5 0.5221. 80.0%, respectively. The diagnostic value of E max was statistically significant between benign and malignant lesions.
Similar to E max , this study revealed significant differences in E SD between benign and malignant superficial lymph nodes. Previous studies have pointed out that E SD represents the heterogeneity of lesions. 29 The higher the E SD , the more complex the changes in the texture of the lesion. These changes were consistent with necrosis, fibrosis, and other changes in tumor tissues. Compared with conventional sonography, E SD can provide more information on lesions that are otherwise difficult to see on grayscale sonography. When the E SD was 6.3 kPa, the sensitivity, specificity, and accuracy were 81.8%, 70.0%, and 76.2%, respectively, and this value was a good cutoff for differential diagnosis. However, it should be noted that the sensitivity, accuracy, NPV, and PPV of E SD in this study were very similar to those of E max , which have been due to the following reasons: first, multiple foci of cancer can be formed in metastatic lymph nodes because of the character of afferent lymphatic vessels, and remaining reactive hyperplastic tissue survives in the gaps of integrated tumors, leading to a very low or near-zero E min . This pathologic transformation rarely occurs in solid tumors of other organs. In this study, the high consistency between E SD and E max probably suggested that all of the lymph nodes in this cohort had not been completely eroded by the tumors. In addition, published studies have reported that the attenuation of the shear wave in the peritumoral region might be responsible for the low shear wave amplitude, and the poor-quality shear wave could be mistaken as a very low-speed shear wave. 29, 30 This principle may be in accordance with the metastasis of superficial lymph nodes derived from not only breast tumors but also head and neck tumors. Accordingly, the E SD value may be high even in homogeneous metastases, wherein the E SD may have nothing to do with the state of disease in the lymph nodes but only with the maximum stiffness of the lesion (ie, E max ). Given the complexity of the E SD , determining how to apply it to examine superficial lymph nodes remains to be studied further.
Early strain elastography using the elasticity score and strain ratio to differentiate between benign and malignant tumors has been reported to have had some difficulties because necrosis in metastasis and interstitial fibrosis in tuberculous lesions renders the mean elastic values of the groups very close. The location of the primary tumor, the state of metastasis, and the quantity of interstitial fibrosis may also result in different stiffness in malignant lymph nodes. 26 Our results (U 5 118.0; P 5 .010) were not completely consistent with those reports. In our study, the E mean could also indicate the nature of the lesion, as it may have reflected the degree of lesion development to some extent; there was a significant difference between benign and malignant; and the specificity and PPV were very high. However, the sensitivity of that E mean was much lower than that of the E max , and the E mean of benign and malignant samples had a certain intersection. Although the E max and E mean had no statistical difference in the differential diagnosis, taking into account the principle of dealing with abnormal lymph nodes, the E max may be more suitable for representing the nature of the lesion (U 5 68.0; P < .001).
The results of previous research pointed out that contrast-enhanced sonography was an important method for confirming the characteristics of superficial lymph nodes that were uncertain on conventional sonography. 7 Metastatic tumors in superficial lymph nodes were found to be totally avascular; the tumor and secondary necrosis reduced the perfusion intensity of blood flow in the tumor compared with that in the residual cortical or surrounding healthy lymph node tissues. 7, 31, 32 Therefore, contrast-enhanced sonography of malignant tumors (mainly metastases) always showed heterogeneous enhancement or even a lack of enhancement in most of the previous reports. In our study, based on the degree and range of intensity on contrast-enhanced sonography, lymph nodes were classified into type 1, which was identified as benign, including 4 lymphomas and 12 metastases, whereas types 2 and 3, which was identified as malignant, included 10 cases of reactive hyperplasia and tuberculosis. Unexpectedly, there was no significant statistical difference in the contrast-enhanced sonographic findings between benign and malignant attempted to determine whether there was lymph node metastasis in patients followed after surgery for cutaneous melanoma. That simple disease guaranteed consistent results on contrast-enhanced sonography, which made metastasis, with a lack of a blood supply, and reactive hyperplasia, with a rich of blood supply, show obviously different imaging characteristics. A study by Yu et al 8 indicated that the value of contrast-enhanced sonography in differential diagnosis of superficial lymphadenopathy was variable; however, the sensitivity, specificity, and accuracy of contrast-enhanced sonography were only 84%, 79%, and 80%, respectively, which were significantly lower than the values of Rubaltelli et al. 7 Also, in the study by Yu's et al, 8 19 patients with clear histories of cancer were included, which might have improved the diagnosis of lymph node metastasis. The superficial lymph nodes in our study were unexplained by conventional sonography without a clear medical history. The existence of tuberculosis and lymphoma caused different manifestations on contrast-enhanced sonography between our study and those in the literature. The pathologic characteristics of tuberculosis were mainly necrosis and hyperplasia of fibrous tissue, which could explain the inhomogeneous enhancement on contrast-enhanced sonography, resulting in the false-positive results in identification of benign and malignant nodes. In addition, our study also included 4 cases of lymphoma with a rich blood supply and without necrosis. Contrast-enhanced sonographic findings of lymphoma were moderate homogeneous enhancement and type 1 angiographic characteristics, resulting in the false-negative results. The study by Yu et al 8 also showed the same features in 52.9% of lymphomas (9 of 17). Different from reports in the literature, 8 our results suggested that a certain proportion of metastatic lymph nodes (12 of 18) can show homogeneously enhanced imaging manifestations, which may be associated with the pathologic type, location, and size of the cancer, especially in cases of reactive hyperplasia induced by cancer. The presence of benign necrosis caused by inflammation or tuberculosis and a variety of imaging manifestations of lymphoma and metastatic nodes resulted in a large overlap on contrastenhanced sonography between benign and malignant tumors (P 5 .694), and the results of our study were similar to those reported by Zenk et al. 33 In comparison, the elasticity value of the lymph nodes could reflect the nature of the lesions more accurately in other ways.
This study had some limitations. First, because of the strict restrictions of the inclusion criteria, the samples size was not sufficient and thus did not completely meet the requirements of a random process. Therefore, our study did not cover all of the pathologic types of lymphadenopathy, which may have resulted in the deviations of the final results. Second, the pathologic specimens in this study were obtained by interventional biopsy; as a result, it was possible to miss some metastases and misdiagnose lymphomas because of the sampling methods. In addition, some authors reported that the morphologic characteristics of the contrast curve are often influenced by the specific contrast agent administered, scanner parameter adjustments, and even the patient's metabolism, and the values of these indices were suspicious. 33, 34 Consequently, our study did not analyze the time-intensity curve when angiography was conducted. Although some metastases with a rich blood supply were found, the study did not further explore the relationship between the mode of contrast-enhanced sonography and the pathologic types of the metastases because of the limited number of cases. Despite the above-mentioned shortcomings, the findings of our study indicate that SWE is a potentially useful method for distinguishing benign cases from malignant ones in superficial lymph nodes unexplained by conventional sonography, especially in cases of metastatic lymph nodes with a rich blood supply, which can be easily confused when contrast-enhanced sonography is used.
In conclusion, SWE could quantitatively measure the stiffness of lymph nodes in a different way from contrast-enhanced sonography, which depends on the blood supply. Compared with contrast-enhanced sonography, SWE has better diagnostic value and efficiency in differentiation of superficial lymph nodes unexplained by conventional sonography. When conventional sonography cannot differentiate malignant superficial lymph nodes from benign ones, SWE is a useful adjunctive tool for assessment of lymph nodes in a noninvasive way.
